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Radiation |Type of Radiation Mass (AMU)|Charge |Shielding material
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Beta Particle 1/1836 1 Plastic, glass, light
metals
Gamma Electromagnetic 0 0 Dense metal,
Wave concrete, Earth
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1. n (the principle quantum number): {AUAIDU AUNAN
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Llﬁﬂﬂigﬂ‘ﬂWa\1\3']1!11!@3@]@11%QQﬂﬂﬂLﬂUigﬂﬂﬂaﬂﬂﬁEJ'N (shell)

n=1 K shell
n=2 L shell
n=3 M shell
n=4 N shell
n=5 O shell etc.
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2. [ (azimuthal quantum number 130 the angular momentum quantum number) Q%

A0 UAN T UAIF I
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1 18A9291A5890 (subshell H3® sublevel) FIUBNDIUT19UDIBOT LA
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s (sharp) p (principle) d (diffuse) f (fundamental)

(3 )

n=1 1=0 K-shell 3 1 subshell A9 s orbital

n=2 1=0,1  L-shell & 2 subshell fi® s,p orbital

1=0,1,2 M-shell & 3 subshell A9 s,p,d orbital

=3
I
w

1=0,1,2,3 N-shell & 4 subshell f1® s,p,d,f orbital 12

=
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n=1, 1=0,m=0 11 s subshell ‘]Jizﬂ@‘uﬁjﬁﬂ 1 orbital
n=2, 1=1,m=-1,0,11up subshell 1/55n0VAIY 3 orbitals

n=3, 1=2,m=-2,-1,0,1,2 11 d subshell 1/55n0UAIY 5 orbitals

n=4, 1=3,m=-3,2,-1,0,1,2,3 11 fsubshell 1J53n0UAE 7 orbitals
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n | shell | Allowed subshell Allowed Number of
values of € values of m, orbital
1 K 0 Is 0 1
2 L 0 2s 0 1
1 2p -1,0,1 3
3 M 0 3s 0 1
1 3p —1,0,1 3
2 3d —2,71,0,1,2 5
4 N 0 4s 0 1
1 4p —1,0,1 3
2 4d —2,71,0,1,2 5
3 4f —3,72,71,0, 7
1,2,3

Energy
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Usingsaaulu shell g9
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=R A 1 = . .
m_ 93U 2 A1 AD +1/2 (spin up) H4ag —1/2 (spin down)

m_=+1/2 (spin up)

spin

spin
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16




-srelin=12]

| l 12 Neutrons
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‘ | 11 Protons |

Mshell (n=3)

Figure 2.1

The atomic structure of
sodium, atomic number 11,
showing the electrons in the K,
L, and M quantum shell.

D.F. Shriver, P.W. Atkins, C.H. Langford, Atomic Spectra, 2" ed., 1994, Oxford.

3s'

electron 11 n=3,1=0 m=0 m5_+%0,_
electron 10 n=21=1, m=+1, m5=~‘§
electron 9 n=2I=1, m=+1, ms=+3
electron 8 n=2 =1 m= mg = - 15
electron 7 n=12 I=1, m=0, m5=+%
electron 6 n=2 I=1 m=-1, ms:-%
electron 5 n=2I=1m=-1, my=+3
electron 4 n=2 /=0 m=0, m5=_%
electron 3 n=2 /=0 m=0 ms_+%'
electron 2 =1, 1=0, m=0, mg=- %
electron 1 n=11=0 m=0, msz...%

Figure 2.2

The complete set of quantum

numbers for each of the 1

electrons in sodium.
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1. Pauli exclusion principle (Vi ﬁjﬂﬂﬁﬁﬂﬁuﬂlﬂﬂm"la)

] 1 a0 A Y] g}; ] 1 9 1 =1
“Diannsong 1ag lueznonazlin u, 1, m uag m_ MNBUAUNT 4 a1 lu'1a” uaael

A [ 9 ~ 1 Aa g uila} A A a v Y
Lﬁuﬂuﬂullﬂﬂ1ﬂﬂQ'ﬂ 31 Tﬂﬂmmﬂmauﬂummaﬂu“luwﬁmqmaﬂumm

1s? %
! n
. . . . 4 d(f r”—
The order of energies in many-electron atoms is NES 3" - 3d_ 7.1
: 20 == 72
3s
ns <np <nd <nf 2 2p
)
9 2s
Penetration and shielding :
g | 1.22 A schematic diagram of the energy levels

if a many-electron atom with /<21 (a

s>p>d>f

calcium). There 1s a change in order for

e ndinm onward | T ctho d 1T
I scanaim onward [ ine diagram

that (ustifies the buillding-up principle, with up
| ] |
to two electrons being allowed to occupy each

rbital
D.F. Shriver, P.W. Atkins, C.H. Langford, Inorganic Chemistry, 2™ ed., 1994, Oxforﬁl. 1s




The effects of penetration are very
pronounced for 4s electrons in K and
Ca, and in these atoms the 4s orbitals

lie lower in energy than the 3d orbitals.

19
D.F. Shriver, P.W. Atkins, C.H. Langford, Inorganic Chemistry, 2™ ed., 1994, Oxford.

2. Hund’s rule

A v A (% 1T W Ya ad = 1 Y R A
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a v

?Jl,ﬁﬂﬁ'i’ﬂuclﬁl,"lﬂﬂﬂu nag maﬂmauuumamﬁﬂumﬁauﬁ’u”

@ F4 - R

1€ 24 12 2¢
Number of
Electrons Arrangement Unpaired ¢ Multiplicity
1 T | 2
2 r_ 1 2 3
3 T T T 3 4
4 ry 1 1 5 1
S rLoty 1 , ,
6 T 0 1

The multiplicity is the number of unpaired electrons plus 1, or n + 1. This is the number of

possible energy levels that depend on the orientation of the net magnetic moment in a

. . . . . 20
magnetic field. G.L. Miessler, D.A. Tarr, Inorganic Chemistry, 3™ edition




3. Aufbau (Building up principle)
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= o =1 =2 =3 hydrogen 15’
n=1 helium 187
o /33 lithium 1s? 25! [He] 2s'
re beryllium 1s? 252 [He] 2s2
n=3 ;"ﬁ/ 3d’ boron 18° 257 2p' [He] 2s% 2p’
o ,4%/ 4 @  carbon 187 287 2p [He] 25 2p
rd
\ /
n=5 /’5&/ ,,Sc =[Ar] 3d" 4 Sc’ =[Ar] 3d" 4s'
n=6 /ﬁ ,cFe =[Ar] 3d° 4s? Fe*" = [Ar] 3d°
n=7 B
Py LCr= [A13d°4s'  paiffiled O =[Ar] 3d*
n:B \rﬁ
e

,Cu= [Ar]3d"4s" full filled  Cu’=[Ar]3d"

3de” MQADONTNNAY 4s ¢ 1NT12 3d orbtial UBIUIINITNLANZAN (penetrate) AN 3s

° _ A - ' _ 21
orbital 1114 3d e 1 1ndinadea lauinnii 4s e

Many-electron atoms
1Y wave function U949 n electron atom

V=W WG, G,

(% 1 ad % a (% 3}.1 1
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1 (% $ Y 3 . . 1
A anan Iagmag)seu1iiu point negative charge 11/aueana1na1 Z (nuclear charge)

RRGROEN
Z.=7-0
eff ,
. a = = Y a
Z .= effective nuclear charge (ﬂi%@uﬁlﬂﬁﬂﬁmmﬂﬂ)

7 = atomic number
O = shielding constant

_ Yo =2 a = -~ o o
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o

L, e, lasudszgliundeaiuiiese = 2 (i 2)
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Effective nuclear charge (Zeff %30 7))
ad = 9 1 1 A = ) Ya
aranasou U lulnun Tyedssniniunasaraz1uen M lvaanasoulugly
@ a ~ v aa 1
Yosnumsdgavestiundeanudanasouluiauen
" ad . 1 1 A (% %
1s2 Li (157 2s") ereqdrannsoulu 1s orbital pgTENINHAARAN NI
ad o - 4 . .
oanasoulu 2s orbital ¥11% ¢ 1s 11/uAS3 (shielding) M3dga

2s!

o 1 a = Y _ 14 ‘]J o ) = 1111 1 [ 2’,
FEUINUAARIAN ¢ 2s' Avanllszgilundee l1lapaniie aariu
* [~
Z" a1513u 1.00

" 5 ad Y v ad
Na (157 257 2p° 35") Branaseu 10 A lurvsuaiveannson
. = 1 v 2 - 1 Yo *
Tu 35 orbital Fe0gluIUeN AU ¢ 3s' 92 105D Z7 sz 1
. PUAADYE

. Yo 1 W A 2 . [ =
Liuag Na 1asu Z* dszana 190y maiuiuyssviiaozasuan Li 16 Cs 39lHa

ad 9 ' A A 2 ag A = o
Mqﬂqﬂﬂlaﬂﬁiﬂujqu@ﬂlﬂnjﬂ@E‘J,Glu shell NUAT n INUVU @Lﬂﬂ@lﬁ@u%@giu shell 1 A8INU

v Y 9 ! o gcs =1 <3 9 23
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1 H o ad
Slater’s rules Nf) 1N1IMIAIAINUBINTUALIUYDIDIAANTOU U ns 1A np

L%

1. Wou Tnssaedidanseuvessiuiludduuazdailumg Safl

(1s) (2s, 2p) (3s, 3p) (3d) (4s, 4p) (4d) (4f) (Ss, 5p)

2. Sgﬁﬂmauﬁagjmw’;wm (ns, np) fifdaiinsan Winaden o

3. Sidanseunnia luny (ns, np) aruaianuAIeA1 0.35 Ap 1 BlaATOY

g3y B1annseuly 1s orbital UATTIAI8AT 0.30 vi0 1 BIAAATOU

4. S1aaasounnm lug (- 1) wwuafaiudien 0.85 Ao 1 BlaAATOU

5. BianasouNA U (n - 2) tazenad Uiy n - 3, n— 4, ... avuafatugIe 1.00 de

Aa g
IIRIGRIGERI

ad a < 1
nitioranaTeuNNT U d W30 felectron 190990 1-3 uado 4 uaz 5 1940 6 unu
a g o A 1 ad Y 1
6. D1AAATOUNNAINOINNH10UDIBIANATOU nd, nf IZUALI d W30 £ electron AIEA 1.00
1 ad
Ao 1 dIANATOU
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Z* ¥9301anN 3011124 valence Y939 NDN F (Z =9) 15> 25? 2p°
wisdaansowiluvyamungie 118 (1s%) (s, 2p)’

O =(6%0.35) +(2x0.85) =3.80

7*¥*=7-0=9-380=5.20

Z* ¥9301anN 3011124 valence Y9I9ABN As (Z=33) [Ar] 45> 3d"° 4p°

uisdiaansowilunyaungde 118 (157 s, 2p)° (3s,3p)° 3d)"° (4s.,4p)°
O = (4x0.35) + (18x0.85) + (10x1.00) = 26.70
7*¥=7-0=33-26.70=6.30

25

231 Z* vosotannsoulu 4s uaz 3d orbital Vo9 Zn

9¥MON Zn (Z=30) [Ar] 4s*3d"

wisdiaanseuiluvgaungye 1 18 (15D s, 2p)® (3s,3p)° 3d)' (4s)’
O U949 4s = (1x0.35) + (18%0.85) + (10x1.00) = 25.65
7*=7-0=30-25.65=4.35

7* yp018nn50U 1Y 4s orbital V09 Zn = 4.35

O 994 3d = (9%x0.35) + (18x1.00) = 21.15
7¥*=7-0=30-21.15=8.85
Z* v0901ann50u U 3d orbital Y04 Zn = 8.85

91101 Z* 95110 1471 3d electron gnas 13 luszasumioussiuinniunsizl z* unn

' =2 9y Ay 1 9 1 @ ?:IJ A a
TIU 4s electron Qﬂﬂqq'ﬂu@gﬁauﬂ'Jﬂlﬁﬂﬂu@fJﬂ'JTLWi]g Z* UINI AUULINUD Zn INA

ionization 111 Zn?* A3l 152 2 2p° 3s% 3p° 3d'" 4s° %30 [Ar] 3d"

ad . 9 o a { o 1 o a
ﬂlﬁﬂﬁiﬂuiu 4s orbital Waqﬂ@ﬂﬂllﬂﬂ’JfJWﬁ\‘]\T"IL!ﬂﬁlﬂﬂllﬂﬂ?]u“ﬁ@nﬂﬂw\lﬁQ\TTLJﬂ"IﬁLﬂﬂ

= v ad gl./ = @ o 1 [V g/J
Ul@ﬂ@ﬂﬂﬁ@ﬂi%ﬂﬂ@mﬂﬁiﬂuclu 3d orbital uuﬁa 4s orbital HWAIITUAINIT 3d ANUU 4s

electron ﬁ]zlﬁ'aﬂiﬂ}@ﬂﬂ’h 3d electron 148 4s electron ‘Vifq]ﬂﬂ"e]l! 3d electron
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W3S shell VOIBIAAATOUIRNTLINUUAIE $1190 shell RuiuAu wueda n13
Winsseznanniundeadis whzinsdivusdgassnalszauiniiiundeduas
SidaasoufinfuIunnIuian Lm'wamamiqﬁqaﬂﬁﬁﬁ'@ﬂﬂimmﬁmzﬂzmamﬂ
fiundoa iefia15a1 shiclding effect W13 Z* AT HeTimIiu T
shell (n)

910 Slater’s rule A1 Z* YBIHY 1A

H=1.0 Li=13 Na=22 K=22 Rb=22 Cs=2.2

Na;n=3 Z*=2.2

Cs;n=6 Z*=22
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Ionization energy (IE)
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o n=0 (first ionization energy), 1, 2,... (second, third,...)
B 152252 2p' O 1s* 2s” 2p*
A w A X A A 2 2 ' <
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[ H Aa g . A
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Electron affinities (EA)
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1 (%) ad
MAUNTTIANINDIANATOU

1A 2A 3A 4A 5A 6A TA 8A

H He
=72 +20
Li Be B C N O F Ne
-60 +240 -23 -123 0 -141 -322 +30
Na Mg Al Si P S Cl Ar
-53 +230 -44 -120 =74 -201 -348 +35
K Ca Ga Ge As Se Br Kr
-48 +150 -40 -116 =17 -195 -324 +40
Rb Sr In Sn Sb Te I Xe
-46 +160 -40 -121 -101 -190  -295 +40
Cs Ba Tl Pb Bi Po At Rn

-45 +50 -50 -101 -101 -170 -270 +40
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Covalent and Crystal (ionic) radii

The sizes of atom and ions are also related to the ionization energies and electron

affinities. As the nuclear charge increases, the electrons are pulled in toward the center of the

atom, and the size of any particular orbital decreases. On the other hand, as the nuclear charge

increases, more electrons are added to the atom and their mutual repulsion keeps the outer

orbitals large. The interaction of these two effects (increasing nuclear charge and increasing

number of electrons) results in a gradual decrease in atomic size across each period.

TAELE 1-3
Mempodar Cowalent Radil (pm)
! 2 L] 4 . f T A a 2 Iy L FE] B %} n 17 ia
H e
17 11
i Ee ] i ] =] I M
12 Wi 51 '3 TS 1% 1i A%
Ha g Al 5 d 5 0 b
1>4 1IN 1 (L1 (1 ¢ i T af
K a k" T L) i W i Cin ] (&Y in i [ S S 1 Kr
311 174 lal i1 i} (] i? (113 % e (L] (- [ Jra . |} (N El i 111
o k| A 813 L] I Hn HE Fr 1 id £ k1] 1] Te= I X
185 121 1&2 FEES 1M 1 ¥ 17 135 1= ® ] [F1] 144 | & & 3% [E] 13
(=% s La Hi T R L3 [4:9 (8 2] T HE T Fr Hi (11} ay s
b L] Il (5 fudil ki 158 (=] i i T 1508 [EF] 1 15 1T [Ty [T 145§
Smwor B T Sanderum, fonpouy Chemlitey, Beinheldd, New Vork, 1967, 5 78 aned B, C b Ciea I 0 Diguiie, and W' B Rlmivwesi, L e, Chom, A, 1090 A0, 9msd
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TABLE 2-9
Crystal Radii for Selected lons
= Elewment Radius (pr)
Adkali metal ions 3 Li™ Oy
11 Mat 116
14 [ 152
i7 Rb* 16
55 Cs” 181
Albaline =artl jrms 4 Bt S0
12 Mg’ 86
20 o~ 114
38 St 132
56 Bot' 140
ke coions 13 A 8
30 Zn** 28
Halide jonx g F 119
i7 1 167
35 Br (5
53 I 206
Orher arions b 0 126
16 §° 170

SOURCE: K. D0 Shannon, Act Crvstfafioge 1994 A52, 751, A longer list i3 given in Appendix B-1. Al
the values are for O-coeprdinate 1ons. 36
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Excercise

1. How many orbitals are there in a shell of principal quantum number
n? (Hint: begin with n = 1. 2. 3 and see if you can recognize the pattern?

2. Give the ground state electron configurations for the following
species.

(a)Mn (b)Cu (c) V3" (d) Fe?* (e) Rh* (f) V' (g) Mo**

3. Account for the large decrease in electron affinity between Li and
Be despite the increase in nuclear charge.

4. Suggest a reason why the increase in Z* for a 2p electron is
smaller between N and O than between C and N.
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Chemical Reactions

Nuclear Reactions

Occur when bonds are broken

Occur when nuclei emit particles and /or
rays

Atoms remain unchanged, although they
may be rearranged

Atoms often converted into atoms of
another element

Involve only valence electrons

May involve protons, neutrons, and
electrons

Associated with small energy changes

Associated with large energy changes

Reaction rate influenced by temperature,
particle size, concentration, etc.

Reaction rate is not influenced by
temperature, particle size, concentrati,’%n,
etc.
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proton (p) + neutron (n) = nucleon

\_'_I Orhit\

ALUMINUM ATO
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Valence J

\_'_’ J Nucleus
Z (1au9znow) A (U1ADEABY) »
Proton
A ~ A g . 9 9
ZX 1139 ZX 19 nuclei
Q J
1 %] 1 [V} J Q
Isotope: AVDZADUININU LAVNIANNU a Neutron
iU ' C uag 2 .C /) Qo
Isobar: 914U nucleon AU (WIABLABUIMIAY)  giocrron o Free
'o14 o 14 Aluminum Atom
U ¢ Cuag N
0 1w 13 electrons,
Isotone: 31UIU neutron ININU 13 protons,

15U N uaz .0

14 neutrons
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@ Radioactivity - the spontaneous emission of
a stream of particles or electromagnetic rays

in nuclear decay Efirgy
Any atom with T Va4 ~~
84 or more
protons is rae o7,
radioactive L Radiation
> -
Radioactive \
Atom
9
Particle
Alpha (QL) Beta (B) Gamma ()
Symbol 42He e Y
Charge 2+ 1- 0
Approximately energy |5 MeV 0.05 -1 MeV 1 MeV
Low moderate high
Penetrating power 41
(0.05 mm body tissue) |(4 mm body tissue) |(penetrates body easily)

Types of radioactive emission

1. Alpha emission

~ Aq Y <3 a =~ = v A A o a Y A
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Uranium-238 into Thorium-234
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2. Beta emission (0-1B 130 B')

- 111 decompose vostirasoulihiluTlsaounazddnasen (;n —> 'p +° ¢
- flundeadld B Sfnsennniuly
_fundealmififevuisuuiieseutevas uaz Tilsaewituiy

] v 9y
(Hupdganinalvulimunuianday RvezADUNLIY 1)

2X - B+ LAY+,

12¢ - B+ 5N+,

Carbon-14 into Nitrogen-14
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3. Positron emission (°,,[3 50 B* Aedidnaseuniillszquin)
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- fluadeadls B 1 Tdsaennniuly
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Carbon-10 into Boron-10
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4. Gamma emission ()
1A . = 1A R v A o o .
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9 m 99 0
5 IC — sle T Y

Before
60
,,CO
.,z: 1:! &
ca df,,a:_‘ﬁ"’ 60
»,CO

Gamma Decay
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5. Electron capture

< % a [ v ad . . o
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1 0 ) 1
lp + _16 Ol’l Sheath electron 1"
e .F‘
4 4
019K +0_1e —> 018Ar

L

‘n

( a A sheath electron
\ . ‘ and a proton of
ol 1 4] the nucleus unite

to form a neutran

K-capture of a sheath electron

pgat oK
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A nuclear reaction involves the conversion of unstable radioactive element to stable new
element with the emission of some radioactive rays. This conversion of unstable radioactive
element to stable nuclei is called as nuclear transmutation or nuclear transformation.
For example; lodine-131 converts in Xenon-131 with the emission of beta rays.

131 131 0
—
53I 54XC + -le

Nuclear transmutation can be two types.
1. Natural transmutation

- alpha emission

- beta emission

- positron emission

- gamma emission

2. Artificial transmutation

47

Artificial Transmutation

The conversion of one element into another element by artificial means is called as artificial
transmutation.

Artificial transmutation leads to the discovery of many subatomic particles and new elements.
Rutherford observed first artificial transmutation during the bombardment of alpha particles on
nitrogen nucleus to form oxygen isotope with proton.

7N14 +2He4 N 8017 +1H1

Later in 1932 James Chadwick also used artificial transmutation and discovered a subatomic
particle, neutron through the bombardment of alpha particles on Berylium-9 to form Carbon-
12 and neutron particle.

Transmutation can be carried out with different particles like proton ( lHl), alpha particle
(2He4), deuteron (le) , heutron (an)etc.

Some common examples of artificial transmutation are

JLi+ P — Li’ + H' SAP+ ' — Mg*+ H

14, 1 1 4 B, 1 24
—> —>
AN Hn B+ He uNa” +n pNa© + Y rays 48




Nuclear fission and electric power plants

In a typical nuclear fission process, a neutron collides with a large atom, such as uranium-
235, and forms a much less stable nuclide that spontaneously decomposes into two medium
sized atoms and 2 or 3 neutrons. For example, when uranium-235 atoms are bombarded with
neutrons, they form uranium-236 atoms, which decompose to form atom such as krypton-95
and barium-138 as well as neutrons.

neutron + large nudide — unstable nuclide

unstable nuclide — 2 medium sized nudides + 2 or 3 neutrons
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